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FFFECT OF THREE MODIFICATIONS ON PERFORMANCE OF AUXILIARY-STAGE
SUPZRCEARGER FOR V-1710-95 ENGINE

By Richard M. Downing and Herold B. Finger

SUMMARY

Three mod’fications of the auxiliary-stage supercharger for the
V-1710-93 engine were designed and testcd as part of an invostigation
to fzprove the power osutput and the altltude pert'ormance of the engine.
A 12-vane diffuser was subatituted for the standard 1l-vane diffuser,
and a vancless discharge passege and & nodified scroll were designed
to innrease the flow capecity of the supercharger and thereby to
increvao the pexformance at tho high volume f'lows required by the
engine,

With the 12-vane diffuser installed and the carburetor replaced
by an edanter, tho equivalent volume flow at th2> peak eff'iciency point
was increascd 25 percent at tlio lowest speed invostigated and 9.5 per-
cent at tho highest speed. When tho carburstor was used, any increase
in eguivalcnt volure flow was rmagked by clioking in the carburetor. A
small decreaszo in the peak adiabatic efficiency resulted from using
the 12-vans diffuscr., At the hipgh volume flows where the supercharger
is required to operato, tho performance was improved by the l2-vane
diffuscr,

With the vaneleas dischnrge psasage, the surge-free range of the
supercharger was increased 35 nercent at the loweat tip speed inveati-
gated by increasing the maxiram air flow. The maximum alr flow at
high tip sveods wa3 again limited by choking in the carburetor, which
magked the offect of the vaneloss discharge passage on the maximum
air flow, At the high volumo flows noar the operating point of the
supercharger, the porformance with the vaneless discharge passage was
butter than that with the standard ll-vane diffuser. At the low
volune flows tlhe standard ll-vane diffusor gave better performence.
Tle modificd scroll gave porformance characteristlcs that were prac-
tically the samo as thoso of the standard scrcll except at high tip
aveeds, where the peek performanco was improved.

RESTRICTED
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INTRODUCTION

At the requesi of the Alr Materiel Coumand, Army Air Forces, an
inwegtligalion teo inprove the altitude performance of the V=1710-93
enginc hus been conducted at the NACA Cleveland laboratory. Much of
the rsasearca has been dlrected toward improving the perfcrmance of
the auxlliary-stage supercharger. The verfcrmance of the standard
auxilisry-stege supercharger installstion at sea level is rencrted
in reference 1, wiich also evaluates the effects on supercharger
perfcrumance of the losrea introduced by the cerburetor and inlet
eibow; the som-level pertfcrmance is campared with tuat at en altitude
cf 2¢,000 feet in reference 2, The results of en experimontal invea-
tigaticn to detcrmine the cavse of the lusses »nrodused by the cardue-
reter ond Inlet elbow 18 presented in reference 3, As a result of
these investizatlons of the inlet comronents, the standerd confige-
waticn of tie engine was nltered to mlece +lio carburetcr between
the tuo steges of auvercherging ‘notesd of before the suxiliarye
staje cuperchaygor. Tho resulits cf en investlipation to reduce the
losoes die to the inlut olbuw are presented in refcrence 4.

The resulta of the lnvestigatiocu of modifications tc the Znduc-
tlon systen of a Vel710 engine (refler:nce 5) and of the iInvestigations
of rederences 1 and 2 indicated tiaat a significant irmprovement in tho
rerfomance of the engine could be chtained by increasing the Tluw
capucity of the auwxillary-stag: surercanrger and thervdhy inereesing
the erficiency and the mresmiuw rati at the omereting pcint of the
ergino. The standard lle-vane diffuser was replaced by o 12-vene
diffuser ard later by o vancless discharge pascage tr: incroase the
Tlow canaclty of the supsrciargurs The outlat of the standard scroll
wan changed fron an ellivtical to o clrcular eress secticn to give a
buetter flow dlctribution frem the screll into the enginvestaze super-
chnrger and thus tu impreve tho efflclency of tide unit. The perfirms-
ey of thw wedifdud sugurcharger waa investigated over a wide rango
of cperating corditions,

MCDITICATICHS

Tus ptangard auxillary-stage onperchar er for the V-1710-93 engino
19 completouly deseridbed in rofesencze 2. The standard impellor was
ool In curbinatlion witii three medifleaticns of tue diffuser end
gercll: a l2evane dilfuser, a vancless discharge paseago, end a modi-
£i:d serull.

The 1Pe-vans dirfucer, « A l2.vane diffuser (»art No. 4171)) was
designec and sadricated by the engine manufactuxor to incrense ths
capuc’iy of the supirchargor. Tho outoide diameter of the 12-venc and
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the stendard llevane diffusers were the same (17- in.} but the vane-
entrance angle was increased from 4-]-'- for the standa.rd diffuger to .

13° for the l2-vane diffuser to reduce the angle of attack of the
vaneg at the high flow rates.

Vaneless discharge passaze. - Elimination of the diffuser vanes
apreared 68 a possible means of increasing the capacity of the super-
charger by increasing the unrestricted flow area. In order to keep
the modified diffusor within the dimensional limita specif'ied by the
standard scroll, the vaneless discharge passage was limited to a

convergent throat section 17% inches in diamster., The rear wall of

the passago was flat and the front-wall profile was a circular arc.
The supercharger with the vaneless discharge passage is shown in
figure 1.

Modified scroll. « The elliptical cross section of the gtandard
scroll outlet was changed to a circular cross section of the same

diumeter (5% in.) as the inlet to the engine-stage supercharger in

order to give & smooth flow diotribution from the scrolli into the
engino-stage supercharger. A clrcular outlet was bolted to the

standsrd elliptical outlet and the scroll passage was faired into

the modifled sectlon with shest-aluminum inserts extending approx-
imately 160° around the scroll. The standerd and modified scroll
Sutlets are shown In figure 2. The area variation through the passage
and outlet of the scrolls is shown in figure 3 for the standard and
modified scrolls.

APPARATUS AND INSTRUMENTATION

The setup for the present investigation was the same as for the
investization of the standard supercharger with the carburetor
instelled (reference 1). All runs wero made in a supsrcharger test
rig with the auxiliary-stage scroll as the collector. The impeller
waa driven by a 1000-horsepowsr induction mctor in conjunction with
a varlable-speed magnetic coupling and a step-up gearbox.

The over-all measurements were taken in the inlet duct upstream
of the supercharger and in the outlet duct downstream of the scroll
outlet, as recommended in reference 6. Wall static-pressure tape
were uged for static-pressure measuroments and pitot tubes were used
Tfor total pressures. All temperatures were moasured with unshielded,
calibrated, iron-constantan thermocouples in conjunction with a
potentiomuter and light-beam galveanometer. The volume flow of ambient
alr was measured with a sharp-edged thin-plate orifice and the refrig-
erated air was motered through an adjustable submerged orifice.
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The accuracy with which all meazaurements were made is estimated
to be within the following limits:

Temperature, “F « « « + o . %0.5
Pressaure, inches of mercury « 0,02
Volume £low, percent . *0.5
Impeller apecd, percent . . . *0.5

TESTS

All of the run3 except those with the vanelesa discharge passage
were made with ambient inlet air bocause refrigeratud-air services
wera not available. Testing under the actual operating altitude con-
ditions is deairable, however, because the operating Reynolds number
can e reproduced. In accordance with the standard procedure given
in reference 7, an outlet total pressure of 10 inches of mercury above
atmospheric pressure was maintained except at the lower tip speeds
whers it could not be cbtained. The 12-vane diffuser installation was
investigated with the carburetor installed and with the carburstor
replaced by an inlet adapter, as described in reference 1, in order
that tho effect of the carburctor on the supcrcharger performance
could be determined. The modified scroll and the vanelesaz discharge
passage were investigated with the carburetor installed. The vaneless
discharge passe;e was inveatigated at altitude conditions of
29,000 foot (9.29 in. Hg absolute and -45° F) in order that a compar-
ison might be made with the standard ll-vane diffuser with altitude
inlet conditions.

RESULTS AND DISCUSSION

The over-all performance calculations were mede by the method of
reference 7. The performance of the three mcdificationa of the
auxiliary-stage supercharger is presented by the methods prescribed
in reference 2, as a function of equivalent impeller tip speed.

Thu iZ-vane diffuger. - Typical performance curves are shown in
figure 4 for the standard 1ll-vane and the 12-vane diffusers with the
carburetor installed and with a asmooth adapter mounted upstream of
the inlet elbow in place of the carburetor. The curves preasented are
for the equivalent impeller tip apeed of 1073 feet per second. For a
gear ratio of 6.85:1, this tip apeed is approximately that obtained
when the engine runa at rated speed. The peak adiabatic efficiency
obtained with the 12-vane diffuser was slightly lower than that
obtained with the standard ll-vane diffuser but the peak efficiency
occurred at a higher volume flow; the same trend was observed in the




RACA RM No. E6J18

preasure-ratio curves (fig. 4). Becauss of the increase in capacity
at tlie neak efi'lciency and pressure-ratio noints, the performance
wa3 improved at the high volume flows where the supercharge:r* is
required tc operate. The potential increase in volume flow produced
by the 12-vane diffuser was masked because the volume flow was limited
by chokiug in the carburetor at the high ti) speeds, At an equiva-
lent tiu apeed of 1273 feet ner seccnd, the increase in capacity was
negiigible with the carburetor installed, With the carbureter
replaced by the adapter, the increase in flcw at the yoints of peak
efficlency cbtained by the use cf the 12 -vane diffuser varied from
25 rercent at 633 feet per second to 9.5 ;ercent at 1273 Teeot per
second.

The pea% perfcrmance cliaracteristicas of' thne supsrcharger are
shown in Tigure S. Over the range cf speeds tected, the peak prus-
nure coefllclents cbtained wita the stand:ad 1ll-ynne dilfuser wereo
from 0,C1 to .03 higher and the reak adiabatic efficlencies were
from 0,01 te 0,02 higher than those cbtained witih the 1C-vane
dirfussr except for the two lcweat speeds tested, At an asquivalent
tip sveed cf 643 feet per second, the reak miwssure ratlos were the
gene Jor beth diffusers, but al an eqiuivalent tin apsed of 1273 feet

rer sedcnd the pealk pressure ratio [fwr the stendard ll-vane diffuser
was cnaroximately .10 higher thnn tizt of {he 12-vane Ciffuser.

Althovgslu the neelr rerformance was scmewhat reduced by the
i2-vane diriuger, the rerformeace characteristica at the equivalent
volume flow o 44:00 cudle feet per minute required by Lhe engine were
impreved. At veluwe {lows greater tlan 4320 cubiz Zect per minute
at a1 equivalent tip aspeed ol 1073 feet per second, the rerformance
cf the 12-vane Aiffucer was ncre patiafactory inen that of the ll-vane
dilfuner,

Vareless dlsciarge peassaze. - The curves in fig:re 6 were gelacted
to comuare tue veriormunce of the vaneless discharge naacage und the
otandnxd ll-vane diffuser at tiie limits of the apeed range Inveanti-
~ated, The agurge-five range of the supercharger with the veneless
dlscliarge passnge wes increaged I35 percent at the point of maximm
Tlow over that of the standard ll-vane diffuser at an equivalent tip
6need ol 773 Jest zer secund, the lowest apeed teated. At 1459 feet
Ter sccend the voluwe flew throvgh the supercharger was limited by the
carluretcr; tho volume flew was therelore almost the same forr the
standnrd ll-vane diffuaer and tho vaneless discharge pasnage.

The peak pertormance characteristica of the standard ll-vane
difluser and the vencleas diatharge vaasage are shown in figure 7.
Tz difference 1in peak pressure ceoerficlents decreased with an
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increecse In equivalent tip opeed from 0.10 at 780 feet per second to
0,U3 at 1459 feet per second. The difference in peak adiabatic effi-
clency wes aprnroximately conctant for the range of test srneds; the
erficiency of the surercharger with the standard ll-vane difluser was
aporoximately 0.07 higher than that with the vaneless discharge pas-
snge. This difference in efficioncy was probably caused by the sudden
enlargement of tho discharge passage into the scrcll and could be
reduced by a scroll deasigned for high air velocities. The peak pres-
sure ratic of tie standard diffuser was 0,10 to 0.15 higher than that
obtained with the vaneless discharge passage. As in the case of the
12-vane diffuser, the peak rerformance characteristics of the standard
suyercharger are liigher than thcse of the vanelose-discharge paszage
instaliation over most of the flow range. The perlormence of the
surercharger at equivalent volume flows greater than 3000 cublc feot per
minute was mere satisfactury with the vanelesas discharge passage.

Mcd!ified scr:ll, - Tyrvical curves for tiuo staniard and the medlil-
fled occrolls at tue cquivalent immeller tip sreod of the auxlliary-
stage supercharg:r for roted engine specd (f'ig. £) ohow nearly the
same adliabetlc efficiencles and pressure ratics for both scrolls. The
modified rcroll collector rroduced no appreciable improvement in the
porformance cf the arxiliary-stage supcrcharger up to equivalent tiv
gre:cde of 1US1 feect per second (fige. S). At t!v speeds above 1061 feet
rer sccond, thu puek nerformance of the savercharger with the modified
sceroeli was highier then that with tho steandard scroll. At an equivalent
tip ane«d of 1273 feet perr second, the differvnce in peak pressure
coolflicient was apyroximately 0.03 and tihe diiference in adiubatic
efficlency wus 0,04, The peak premsure ratlc at the maximum speod was
0.1: nigier with the medified sercll than with the standard scroll.

SUMMARY OF RESULTS

The pexrlormance of three modifications « a 1l2-vane diffuser, a
vanelens diccharge gassage, and a modifled scroll -~ of the auxiliary-
stage supercharger for a V-1710-33 engine ray be surmarized es follows:

1. With the 12-vane diffuser installed and the carburetor replaced
by an adarter, tie equivalent vceclume flow through the supercharger at
veak efricicncy was increasnd 25 percent et an equivalent ti> speed of
6835 feot yer zecond, the lowest speod investigated, and 9.5 percent at
1275 feet per soccnd, the Lighest speed investigatod., With the carbu-
rator inetalled, the air flow was limited ond any increagse was masked
by ¢lcking in the carburetor., Cver the cumplete range of tis speeds,
the cealr pressure coefficlents, pressure ratios, snd adiasbatic effi-
cleiicles cdtalned with the l2-~vane diffuser were slightly lower
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than those of the standard ll-vane diffuser. At the high volume flows
viere tLe suvercharger is required to operate, the performance was
imprcved by the iL2-vane diiffuser.

2. At an equivalent tip speed of 778 feet per second and at the
pcint of meximum flow, the surge-free range of the surercharger was
increancd 35 percent over thut cf the standard ll-vane diffuser by
irntalling a vaneleas dischargs passage. At tho high flows the pres-
avie ratio and the adiabatic efficiency of the suvercharger with the
vaneless Glsciarce passage were higher than those with the standard
1l-vane diffuper. At high tir opeeds tie eifect ¢f the vaneless dis-
charge paasage on maximum air flow was -masked by choking in the
carburetor. The peuk ediabntic efficiency was reduced annroximately
2.07 over tne range of speeds mnd the peak pressure ratio waa reduced
fram 0,10 teo 0.15 by using the vaneless disclkurge passage. The peak
preaswre cceificient was reduced 0.10 at the low speeds and 0,02 at
the high speeds.

3, The mcdified scroll ceused no anpreciable charge in the ver-
formance of the aurercuarger excert at spe=ds abcve 1061 feet per
secend, wiere tiie pressure coelficlent, the v agure ratioc, and the
ediabatic efliciency were silgutly increased.
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Adiabatic efficiency
&

¥

Instaliation /|
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with adapter |

[~ + ll-vane diffuser .1
with adapter

4 |2-vane diffuser

e with carburetor

© ll-vane diffuser
with carburetor

Pressure ratio

1.0
3000 4000 5000 6000
Equivelent volume flow, cu ft/min

Figure 4. ~ Typlcal performance curves of
auxlilery-stege supercharger for v-1710-93
engine with standard |(-vane difruser and
12-vane diffuser at equivalent tip speed
of 1073 feet per second.
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Figure 5. -~ Peak perfommance characteristics of
auxiiiary-stage supercharger for V-1710-93 en-
gine with standard ii-vane diffuser and i2-
vane diffuser at various equivaient tip speeds.
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Miabatic efficiency

Pressure ratio

instal letion

vVaneless discherge
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Fl'fus’r 1

5000 200 4000 6000
Equivelent volume flow, cu ft/min

Equivalent tip speed, 778 ibl Equlvailent tip spewed, 14%
feet per second. feet per second,

Figure 6, - Typlcal performance curves of auxiilary-stage supercharger with
carburetor Installed for V-1710-%3 enyine with standerd ll-vane dlffuser
and vaneless discharge passage at equivelent tip speed of 773 and 14%
feet per second et pressure altitude of 29,000 feet.
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Flgure 7. - Peak performance characteristics of auxillary=-
stage supercharger with carburetor Installed for V=1710-93
engine with standard | l=vane d!ffuser and vaneless

discharge passage at varlous equivalent Impeller tip
speeds.
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Flgure 9. - Peak performance characteristics of
auxlillary-stage supercharger with carburetor in-
stalled for V-1710-93 engine with standard and
modifled scrolls at various equivalent tmpetier
tip speeds.
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1l-vane diffuser, and a veneless diecharge passage and a modified scroll were designed to
increase the flow capacity of the supercharger. Wth the 12-vans diffuser installed and
the carburetor replaced by an adapter, the equivalent volume flov at the peak efficiency
point was increased 25% at the lowest speed investigated and 9.5% at the highest speed.
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